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man or animal proteins contains factor 
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order to achieve a high straining capac- 
ity of the adherences and a retarded 
antimicrobial efficacy, the ratio of factor 
XM to fibrinogen, expressed in units of 
factorXHI pergram of fibrinogen, 
amounts to at least 500. The antibiotic is 
chosen among amino-glucasides, beta- 
lactams, polypeptides or tetracy- 
clines. In a method of producing the 
tissue adhesive the concentration ratio 
of factor XII) to fibrinogen is adjusted in 
afibrinogen-containing blood plasma 
fraction by the addition of factor XIU. 
The antibiotic is added either before 
deepfreezing or lyophilization of the 
resulting preparation, or after thawing 
or reconstitution of the same. 
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SPECIFICATION 

Improvements in or relating to a tissue adhesive and a method of producing th same 
S The invention relates to a tissue adhesive based on human or animal proteins, containing factor XIII. 5 

already ^ faTp^S^tT-u. adhesive containing fibrinogen and factor XIU, in which certain 
already Known xor P r °" u «- a fibrinoaen and if desired, albumin are adjusted, and the preparations 

straining opacity of the adherences and a good absorbability; however, .t >s desirable to improve these 

^Te U halalS bee" proS^SS^tent No. 2,533.004 as wel, as by Fellinger et al. in the 
io^aT-De^TuSulosearzt'' (6/1 1.1952) to add antibiotics to fibrinogen solut.ons and to use them as 

th Fu« 

90 (1977) wqes 63 to 75 , t0 opply a ,i brin adhesive system for filling bone defects in connect.on with bone 
20 thrombin to ^fibrinogen solutionis required, commonly available combination preparations of pulvenzed 20 

"SSTwas proposed according to the PCT application No. 8 0/00083 to prepare a fibrinogen antibiotic 
geU wherein a lecture of cryoprecipitate with tobramycin and gentamicin as antib.ot.cs to be prepared at the 

25 be A^orSng 5 ta experiments carried out by Applicant It was found that the described and known , tissue 25 
adSes that contain fibrinogen, factor XIII and antibiotic do not possess the desired comb net.on of 
adheswes tnat contaiiv no _ u . adhe rences and an antimicrobial efficacy, but that an adverse 

S^king^af flbrinog m and a negative effect on the coagulability. Consequently, the adhesive 
take^place tdo quickly so that the retardation of the antibiotic does not suffice to be effect.ve over a longer 

^^^^^ d 

35 tislue Sve of human or animal origin that meets the above-mentioned combmat.on of propert.es and 
S Te^b^ 

fibrinogen, expressed in units of factor XIII per gram of fibrinogen, amounts to at least 500 and that an 
antibiotic selected from the group consisting of aminoglucosides. betalactams, polypept.des and 

40 t lZS^SS«n«ained in a deepfrozen tissue adhesive In an amount of at least 40 

"ATcT'ding to another embodiment at least 33 % of fibrinogen is contained in a lyophilized tissue adhesive, 
factor XIII being present in an amount of at least 170 units/g of lyophilisate. 
45 Suit^ 

aprotinin^-antiplasmin, a 2 -macroglobulin, a.-antitrypsin. e-am.nocapro.c acid and tranexam.c ac.d is 

p^mfnthSoVpia 
50 antibiotic, thrombin and bivalent calcium being contained In the second component. 

Prefa b • h f 

JSSOXi lonsTsls i'n that in addition to the hard.y soluble derivative else , an. 

desired distributed in the two components of the tissue adhesive. This embodiment has the ad vantage tnat 

the ea^^ is released quickly, thus ensuring a high initial efficacy, whereas the hard.y ^ 

55 soluble derivative causes a lasting efficacy. . «^Hiffi«tinn 

Moreover, the invention comprises a method of producing the t.ssue adhesive ™* ■ f "^ r ^™ 
consisting in that a concentration ratio effector XIII to fibrinogen, expressed m onus of fa* or XHUg of 
fibrinogen, of at least 500 is adjusted in a fibrinogen-containing blood plasma fraction by ^addition of 
factor XIII whereupon the antibiotic is added and the preparation is deepfrozen or lyophilized. 

60 A^cordCt Shermodificationaconcentrati nrati offact rXll.tofibrir , gen '«^^ Q u n n £* 6 ° 
facto7xill/fl of fibrinogen, of atleast 500 is adjusted in a fibrinogen-containing blood plasma f acuon by the 
*£& n o f factor whereupon the preparation is deepfrozen or lyophilized and. after thawing or 
^ns^o^coS lution.Vvlththi.embo^rnent^ 
b^ddedafterSawlngortothe reconstituted solution. However, with these emoodimente It h^astobe taken 

65 Srethaf^concentrati n ffact r XIII does not fall below a minimum concentrat, n;ltistobeabov 40 65 
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units/ml. 

According to preferred embodiment in which the fibrinog en-containing btood plasma fraction is washed 
with a buffer solution, the washing procedure is carried out until a factor Xlli concentration of 200 units of 
factor Xlll/g of fibrinogen is reached, whereupon factor XIII is supplied in an amount of at least 300 unitsVg of 
5 fibrinogen in the form of a concentrate of lyophilisate. c 
The tissue adhesive according to the invention and the method of producing the same will be explained in 
more detair by way of the following examples. 

Example 7: 

10 Cryoprecipitate (100 g) was gained from frozen fresh human plasma by heating to 2° C, separated by io 
centrifugation and washed twice in a buffer solution containing Na 3 citrate, NaCI, glycine, glucose, aprotinin 
and heparin at a pH of 6.5, and the separated precipitate was dissolved in a glyctne-containing buffer 
solution (255 ml ) at a pH of 7.9. It was found that a ratio of factor XIII to fibrinogen of 226 units of factor Xlll/g 
of fibrinogen was contained in this solution. To adjust the ratio desired according to the invention, of more 

75 than 500 U/g of fibrinogen, a pulverized factor XIII preparation with 9,000 units was added to the solution, the 1 5 
concentration ratio of the solution thus having been increased to 826 units of factor XII l/g of fibrinogen. This 
solution was steri I e-f lite red; then 1.7g of gentamicin were added under sterile conditions, the mixture was 
filled into final containers (2.5 ml), deepfrozen and lyophilized. 



20 Example 2: 20 
The preparation of the tissue adhesive basis from cryoprecipitate was effected in the same manner as in 

Example 1, with the difference that the precipitation was liquefied by heating to 37° C after a single washing, 

and 13,600 units of pulverized facterXIII were added. A ratio of factor XI 1 1 to fibrinogen of 967 factor XIII 

unrts/g of fibrinogen was obtained. 
25 5.67 g 7^(thiejrylH2)-acetamtdoJ-cephalosporanic acid were added to the solution as an antibiotic. The 25 

suspension thus obtained was filled into final containers (1 ml) and deepfrozen. The filled-in preparation has 

a content of factor XIII amounting to 87 U/ml. 
The application of the tissue adhesives prepared according to Examples 1 and 2 advantageously is realized 

by mixing the thawed or reconstituted mfxture with thrombin and calcium chloride and applying it onto the 
30 tissue to be connected. It is also possible to apply the two components separately onto the tissue to be 30 

connected or filled. 



Example 3: 

The method according to Example 1 was repeated except for adding the antibiotic. The washed 
35 precipitate, after dissolving in a buffer solution, was sterile-filtered, filled into final containers (2,5 ml), 35 
deepfrozen and lyophilized, the first component of the tissue adhesive according to the invention thus 
having been made-6torable. The second component was prepared prior to application from a solution of 
thrombin and calcium chloride by adding 7-[(thienyl|-(2)-acetamido)<ephalosporanic acid (30 mg/ml). 



40 Example 4: 40 
The procedure according to Example 2 was repeated, wherein gentamicin (1.83 g) was added after 
-dissolving the cryoprecipitate, the solution was filled into final containers (1 ml) and deepfrozen. Thus, the 
first component of the adhesive according to the invention is present in a storable form. The second 
component containing 30 mg of 7-[(thienyl)-2(2)-acetamidol-cephalosporanic acid per ml of a calcium 
45 chloride thrombin solution was prepared prior to application. 45 
Instead of the aprotinin added in accordance with Examples 1 to 4, one or more of the following 
compounds may be used as plasmin inhibitor or plasmtnogen-activator inhibitor: a 2 -antiplasmin, 
a 2 -macroglobglin, ai*antitrypsln, E-aminocaproic acid and tranexamic acid. 
The tissue adhesives prepared according to the invention are generally applicable for the seamless 
50 connection of human of animal tissue or organ parts, to dress wounds and stop bleedings, their 50 
antimicrobial efficacy being substantially improved. 

The improved adhesive properties with an equally improved antimicrobial efficacy of the tissue adhesives 
according to the invention can be taken from the following comparative examples summarized in a table; the 
degree of crosslinking of tissue adhesives according to the invention with an increased factor Xlll/fibrinogen 
55 ratio was compared to the crosslinking degree of known tissue adhesives without an. increased factor 55 
Xlll/fibrinogen ratio, using different antibiotics for each case. The a-crosslinking degree has been determined 
according to the sodiumtaurylsulfate (SDS) polyacrylamlde gel electrophoresis method, which Is carried out 
in a manner that, after having mixed the tissue adhesive with an equal volume of a solution containing 40 
jiMol CaCI 2 and 1 5 NIH units U.S. National Institute of Health units) of thrombin per ml, the mixture is 
60 incubated at 37° C. The a-cr sslinklng degree is determined after st p ping the reacti n and reductive 60 
cleavage of the disulfide bridges contained in the proteins, by the additi n fa mixture of urea, 
sodiumdodecylsulfate and (J-mercaptoethanol by means of gel electrophoresis. 

In a furth r part of the table the cl t rigidity fatissu adhesive according t the Invention was compared 
to a known one in a thrombelastograph, with gentamicin having been added as antibiotic. 
65 Finally, the table includes comparative values of the tearing resistance fa tissue adhesiv accordingto 65 
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the invention and of a known one, with gentamicin being used as an antibiotic. 
Fibrin a-crosslinking (at 37°C after 60 min.) 



10 



15 



Addition of 
antibiotic 



Gentamicin 

Neomycin 

Fosfomycln 

AxlociNin 

Doxycyclin 

Cefoxitin 



Tissue adhesive of in- 
vention with increased 
factor XIII content 
> 500 U/g fibrinogen 

70% 
41 % 
47% 
66% 
65% 
54% 



Tissue adhesive 
without increased 
factor XIII content 



30% 
21 % 
24% 
42% 
26% 
44% 



Clot rigidity in thrombelastograph 
(37° C - 60 min.) e = elasticity module 

Gentamicin 1150 



20 



Teari- esi stance in g/cm 
(37° t- JO min.) 

Gentamicin 



1283 



426 



999 



25 



30 



Finally, a comparative example was carried out with respect to the ant.b.otics release of a l t.ssue 
prepared according to Example 4, 85 % of gentamicin having been released from a dot produc^by th.s 
tissue adhesive already after 72 hours in an in vitro test. After 96 hours a release of gentam.cin was not 

while 7-[(thienyI).(2)-acetamido].cephalosporanic acid was st.Il detectable even after 8 

days. 
CLAIMS 
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1 Adeepfrozen or lyophilized tissue adhesive based on human or animal proteins wh.ch comprises 
factor XIII, fibrinogen and an antibiotic, wherein the ratio of factor XIII to fibrinogen, expressed m units of 
35 fSor XIII per gram of fibrinogen, amounts to at least 500, and said antibiot.c .s selectedfrom the group 
consisting of aminoglycosides, betalactams, polypeptides and tetracyclines. amnii . . . 

2. Adeepfrozen tissue adhesive as set forth in claim 1, wherein factor XIII isconta.ned man amount of at 

iB T A lyophilized tissue adhesive as set forth inclaim 1, wherein at least 33% by weight of fibrinogen Is 
40 contained, factor XIII being present in an amount of at least 170 units/gram <* W?!* 1 ""*- . noflpn 
4 Atissue adhesive as setforth in claim l.further comprising a plasmin inhibitor or plasminogen- 
activator inhibitor selected from the group consisting of aprotinin, arantiplasm.n. a r macroglobulln. 

a,-antitrypsin. e-aminocaproic acid and tranexamic acid. .^„„„. 

5. A tissue adhesive as set forth in claim I, comprising a first component and a second componen , sa d 
45 first component containing factor XIII and fibrinogen and said second component conta.nmg said antibiotic. 

thrombin and bivalent calcium. j. ra „^,„ mm no n t «id 

6 Atissue adhesive as set forth in claim 4. comprising a first component and a second component, sa.d 

firstcomponant^ 

inhibitor and said second component containing said antibiot.c thrombin «^ n b ^ , ^ f ^" r "-. |v 
50 7. Atissue adhesive as set forth in claim 1 . wherein sa.d ant.b.otic is present in the form of a hardly 

6 °8 Ubl A metho^of producing a tissue adhesive based on human or animal proteins and comprising factor 
XIII fibrinogen a plasmin inhibitor or plasminogen-activator inhibitor, and an antibiotic selected from the 
J Sp^SSn ^oSnoglucosides. betalactams. polypeptides and ^^^^'^f^m^ 

55 the steps of adjusting in a fibrinogen-containing blood plasma fraction a concentration ratto of fact or X Mi o 
fibrinogen, expressed in units of factor Xlll/gram of fibrinogen, of at least 500 by adding factor XIII. add.ng 
said antibiotic, and deepfreezing orlyophlllzlng the resulting preparation. „„ mn ricino factor 

9 A method of producing a tissue adhesive based on human or animal proteins and ^prising factor 
X.U fibrinogen, a plasmin inhibitor or plasminogen-activator inhibitor, and an a nt ' b ^" e ^« d J° m m t ^ 8e8 „ 

60 group .consisting of amlnoglucosides. betalactams. polypeptides and tetracyclines, which meth d comprises 60 

^adlustinjlnafibrinogen-contalnlngb. ^t^^^'SS^^^^ ^ ^ ^ 
expressed In units of factor Xlll/gram f fibrinogen, of at least 500 by adding factor XIII. 
deepfreezing or lyophilizing the resulting preparation, 65 
65 thawing or reconstituting the preparation, and 
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combining the preparation with a solution containing said antibiotic. 

10. A method as set f rth in claim 8 or 9, further comprising washing said fibrinogen-containing blood 
plasma fraction with a buffer solution in a washing procedure, and wherein said washing procedure is 
carried out until a factor XIII concentration of 200 units of factor Xlll/g ram of fibrinogen is reached 

5 whereupon factor XIII is added in an amount of at least 300 units/gram of fibrinogen in the form of a 
concentrate or lyophilisate. 

11. A tissue adhesive substantially as hereinbefore described with reference to the accompanyinq 
examples. tf 

12. A method substantially as hereinbefore described with reference to the accompanying examples. 
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